Pond and Lehmann, 1989; Senft, 1979; Cheeke and Bronson, 1979; Odwongo and Mugerwa, 1980 (Senft, 1979) .
lysine and the sulfur-containing amino acids methionine (390 g kg Ϫ1 ), and A. hybrid (Puebla, Mexico) had the lowest (330 g and cysteine. Amaranth, however, is rich in both lysine kg Ϫ1 ). Amaranthus cruentus (Zimbabwe), A. cruentus (Rwanda), and (Bressani et al., 1987) and sulfur-containing amino acids A. hybrid (Puebla, Mexico) had UIP averaging 25, 22, and 16%, (Senft, 1979) .
respectively, of total crude protein after 16 h of digestion. Forage Cheeke and Bronson (1979) found that amaranth quality of the accessions at most harvest dates was consistent with leaves and stems were higher in hemicellulose and ash what would be expected for relatively good quality forage, although and lower in acid detergent fiber (ADF) than alfalfa high nitrate levels are a concern.
(Medicago sativa L.). They also found a greater amount of protein bound to the cell wall constituents in amaranth than in alfalfa and comfrey (Symphytum officinale T he potential of amaranths as forage has not been L.). This suggests that amaranth may have a higher fully studied. Most of literature relates to human bypass protein value. Bypass protein or rumen undeuse of grain or vegetable amaranths. Some amaranth graded intake protein (UIP), if available in the lower cultivars, however, are highly prized as forage crops gut, can be of great value in livestock production bebecause of their rapid growth rate and high protein cause rumen microbes may degrade high-quality protein content. In China, Amaranthus hypochondriacus L. and and escape protein is more efficiently used in postrumi-A. hybridus L. are being cultivated solely for use as nal digestion as long as it contains essential amino acids forage for cattle (Kauffman, 1992) . Amaranth is widely (Van Soest, 1994) . Increasing the UIP percentage in the grown as a leafy vegetable in tropical and subtropical diets of growing heifers improves feed efficiency and Africa, Asia, the Pacific Islands, the Caribbean, and increases body weight gain (Tomlinson et al., 1997) and Central America, but there are few reports of its potenmilk yield (Vagnoni and Broderick, 1997) . tial as a forage or silage crop (Cervantes, 1986) .
The concentration of UIP in different forages has Environmental hardiness, utility as a grain and/or vegbeen reported (Merchen and Satter, 1983 ; Mathers and etable resource, and efficient water use has led to the Miller, 1981; Rooke et al., 1983 ; Charmley and Veira, recent resurgence in amaranth production. These are 1990; Glenn et al., 1989; Beever et al., 1987 protein, respectively, and that warm-season grasses genSeveral studies (Stordahl et al., 1999;  erally had greater UIP because of their C 4 anatomy. Amaranth, being a C 4 plant, could potentially be a good (Cheeke and Bronson, 1979 
Plant Material
N value for each sample and multiplying by 6.25 (Bremner Seven amaranth accessions were chosen from the USDA and Breitenbeck, 1983) . A modified version of the Gelderman North Central Regional Plant Introduction Station based on and Beegle (1998) method for determining soil nitrate-nitrotheir general morphology, growth habit, and probable suitabilgen was used to obtain nitrate-nitrogen values for the samples. ity as a forage crop as well as to reflect a broad geographic and
The modification was simply to change the amount of sample genetic spectrum. The accessions evaluated were Amaranthus material used to 0.50 g of dried ground plant material instead cruentus (Mexico, PI 477913), A. cruentus (Zimbabwe, PI of the 10 g used for soil samples. 482049), A. cruentus (Rwanda, PI 527570), A. hybrid (Puebla The accessions A. cruentus (Zimbabwe), A. cruentus Mexico, Ames 22667), A. hybridus (Greece, Ames 5531), A.
(Rwanda), and A. hybrid (Puebla, Mexico) were selected to hybridus (Zambia, PI 500249), and A. hypochondriacus (Colobe analyzed for fiber and protein digestion characteristics. rado, PI 584523). Amaranthus hybrid (Puebla, Mexico) and Fermentation times were 4, 16, and 48 h and a zero time A. hybridus (Greece) are vegetable-type amaranths, and the (NDF nitrogen) sample was used as a standard. Samples were others are grown primarily for grain. digested in vitro in nylon bags for the prescribed time, then NDF determinations were done on the residues by using the ANKOM 200 Fiber Analyzer. After NDF analysis, total nitro-
Plant Establishment
gen was determined for each sample as previously described Seeds of each accession were allowed to imbibe and then and used to estimate degradable intake protein and undechilled at 6ЊC for 30 d. The seeds were then grown in the graded intake protein and their associated digestion pagreenhouse under 16 h of light and day and night temperatures rameters: of 29 and 24ЊC, respectively. Plants were grown for 3 wk in Degraded Intake Protein ϭ CP s ϩ CP d (1 Ϫ e Ϫkt ) the greenhouse and then transplanted 1 June 1997 and 1 June 1998 at the Iowa State University Sorenson Research Farm The experimental design was a randomized complete block tween years even though there were differences in the
RESULTS AND DISCUSSION
environment. More research needs to be done over several seasons to make a conclusion on that matter.
Nitrate concentration was affected by harvest date and harvest date-accession interaction ( Table 2) Walters et al. (1988) showed that leaf NDF of tems (SAS, 1985) . Mean comparisons were made by using an F-protected LSD (Steele and Torrie, 1980) . Single degree of several amaranth accessions declined linearly with infreedom contrasts were made between the vegetable-and creasing nitrogen fertilizer application levels. This could grain-type accessions. The significance level for all comparibe a management option to improve the forage quality sons was P Յ 0.05 unless otherwise noted. Marten and Andersen (1975) reported that high-qualthe vegetable-type accessions may have been due to the presence of a greater number of leaves and stems ity alfalfa had 60 g kg Ϫ1 ADL and oat had an ADL of 36 g kg Ϫ1 . The results obtained for these amaranth observed and they were visibly more succulent than the stems of the grain-type accession, especially earlier in accessions at various harvest dates are substantially less than that reported by Marten and Andersen (1975) for the season. Some amaranth forage has nearly equal proportions of leaves and stem when they are in the vegetaalfalfa and could prove to be a positive indication for the use of amaranth as forage. tive stages (Stordahl et al., 1999) .
Acid detergent fiber concentration was affected by accession ( Neutral detergent fiber increased with harvest date quality with maturity associated with an increase in stem (Table 3) , similar to that reported by Walters et al. NDF and ADF concentration. (1988) and Stordahl et al. (1999) . The greatest change These ADF concentrations are encouraging when (550 g kg Ϫ1 ) in NDF from 42 DAP to 112 DAP was compared with data reported by Marten and Andersen observed in A. hybridus (Greece) and the lowest (210 g (1975) for alfalfa and oat (Avena sativa L.), 237 and kg Ϫ1 ) in A. hypochondriacus (Colorado). 340 g kg Ϫ1 , respectively. All accessions except A. cruenAveraged over accessions, CP was highest at 42 DAP tus (Mexico) and A. cruentus (Zimbabwe) had ADF (270 g kg Ϫ1 ) and declined steadily over the season (Table  concentrations lower than 237 g kg Ϫ1 until up to 70 5). The CP concentration at 42, 56, and 70 DAP (270, DAP. However, nitrate levels were too high for safe 210, and 150 g kg Ϫ1 , respectively) were significantly diffeeding until 2 wk later. The ADF concentration in A. ferent but were similar at 84, 98, and 112 DAP (120, hybrid (Puebla, Mexico) was 227 g kg Ϫ1 at 84 DAP 120, and 100 g kg Ϫ1 , respectively). The relationship be- (Table 6 ). Cherney and Marten (1982) reported ADF tween CP and harvest date was best described by an values for wheat (Triticum aestivum L.), oat, triticale equation with a quadratic effect and had a strong nega-(Triticum durum Desf. X Secale cereale L.), and barley tive correlation (R 2 ϭ 0.99). The 42 DAP CP concentra-(Hordeum vulgare L.) that were higher than the average tion (270 g kg Ϫ1 ) is close to the results reported by values for all amaranth accessions evaluated. Acid deMugerwa and Bwabye (1974) , who found 277 g kg Ϫ1 CP tergent lignin for all accessions except A. cruentus (Zimin A. hybridus subs. incurvatus at 38 DAP. babwe) was lower than for the crops studied by Cherney
Harvest date and the accession-harvest date interacand Marten (1982) . tion affected IVDMD (Table 4 ). In vitro dry matter 
Fiber and Protein Degradation
Harvest date and the accession-harvest date interaction affected ADF (Table 6 ). However, ADF concentraCrude protein digestion parameters are presented in tion was not different after 84 DAP. At 112 DAP, A. Table 8 . Undegraded intake protein (UIP), as a percenthybridus (Greece) and A. hybridus (Zambia) had the age of total crude protein, increased with harvest date greatest ADF concentrations, averaging 326 g kg Ϫ1 .
and was generally higher for the grain-type accessions A. cruentus (Zimbabwe) and A. cruentus (Rwanda) at Lowest concentrations were observed for A. hybrid each harvest date (Table 9) . At 84 DAP, an average of (Puebla, Mexico) at 150 g kg Ϫ1 . Harvest date and the accession-harvest date interac- 
CONCLUSIONS
The forage nutritive value of amaranth is equal to or better than commonly used forages in NDF, ADF, ADL, IVDMD, CP, and UIP. Of all the quality parameters evaluated, nitrate concentration remains a major concern. The observed nitrate concentrations may be too high for these accessions to be used as fresh forage for livestock before 84 DAP. Ensiling the forage may be an alternative for reducing nitrate concentration and improving its digestibility (Cervantes, 1990) .
When most of the forage quality parameters studied are taken together, it can be concluded that amaranth has good to excellent forage quality at certain stages of development. There is a concern, however, about the high nitrate levels in some accessions at early harvest dates. More work is needed with intake studies to get a full picture of amaranth forage quality since we cannot exclude animals when making decisions about forage 
